Introduction {#S0001}
============

Since the evolution of competency-based education, there has been widespread use of reflective portfolios and reflective writing in medical curricula. Effective use of portfolios helps to enhance students' ability to reflect, provides evidence of their personal and professional development and promotes their critical thinking and communication skills.[@CIT0001] A portfolio is a collection of material that is used as an evidence of achieving learning outcomes over a period of time. There are several types of portfolios, which vary according to the purpose and setting of use.[@CIT0002] Usually, portfolios include the requirements for learners to write reflections on their learning experience using short reflective pieces. Furthermore, the quality of reflection appears to be the most significant contribution in explanation of the variance of regular portfolio ratings.[@CIT0003] Therefore, the current study focuses on reflective writing-based portfolios, where reflection on a learning experience is the primary component of the students' portfolio along with providing the evidence to support their described experience.

Reflection is generally understood as a metacognitive process that aims to develop critical understanding of both the self and the situation, which can be transferred to inform situated encounters in the future.[@CIT0004] Four necessary conditions have been identified for successful implementation of reflective portfolios: good coaching; structure and guidelines; adequate experiences and material for reflection; and summative assessment.[@CIT0005]

In what follows, we offer a review of relevant literature organized into three sections: (i) theoretical underpinnings of reflection; (ii) studies describing reflection in medical education settings; and (iii) studies devoted to assessment of reflective writing.

Theoretical Underpinnings of Reflection {#S0001-S2001}
---------------------------------------

Several scholars have conceptualized the theoretical underpinnings of reflection by proposing different explanatory models of learning.[@CIT0006]--[@CIT0010] Dewey[@CIT0006] has demonstrated that reflection is an active and deliberate learning process that makes sense of situations or events that are difficult to explain. He argues that reflective thinking transforms a situation from an experience of perplexity and ambiguity into a balanced state of clarity, coherence, settlement and harmony.

Schön[@CIT0007],[@CIT0008] is the first to link reflection to professional development and practice. For Schön,[@CIT0007],[@CIT0008] reflection is a process that makes the hidden theoretical knowledge more explicit and transforms it into practical knowledge, ie, reflection enables professionals to improve their practice and become progressively more experts in their areas. According to him, there are two types of reflections, which are triggered during professional practice: "reflection in action" and "reflection on action". While "reflection in action" involves the awareness of the situation and the use of professional knowledge on the spot to plan for contingent situational changes, "reflection on action" involves retrospectively visiting the experience and building on it.[@CIT0007],[@CIT0008]

Boud et al[@CIT0009] emphasized the importance of emotions in reflective thinking, which influence the ways in which individuals recall events. For these authors, reflection is an iterative process of effective learning that begins with personal experiences. Learners are encouraged to go back, revisit their personal experiences, and evaluate the values and beliefs underlying specific actions and decisions. In the last step (outcomes), new perspectives of the experience are generated that lead to commitment to action and change in behavior.[@CIT0009] Among others, Moon[@CIT0010] describes reflection as a stimulus for transforming the superficial knowledge into deep knowledge. He defines reflection as "a form of mental processing with a purpose and/or anticipated outcome that is applied to relatively complex or unstructured ideas for which there is not an obvious solution.[@CIT0010]"

Studies Describing Reflection in Medical Education Settings {#S0001-S2002}
-----------------------------------------------------------

In her empirically grounded monograph, Locher[@CIT0011] systematically compares reflective writings from experts and medical students and identifies the recurrence of a typical "description-reflection-conclusion/aims" format, complemented by a number of textual features. The use of reflections for personal development involves students examining their own values, beliefs and assumptions.[@CIT0012] The understanding of the person's values and beliefs is essential for developing a therapeutic relationship with the patients, which is essential for empathy and caring of these patients.[@CIT0004] Several authors have demonstrated that developing reflective skills in medical education improves diagnostic reasoning,[@CIT0013]--[@CIT0015] communication skills, collaboration and empathy,[@CIT0016],[@CIT0017] professional identity,[@CIT0018] and development of expertise.[@CIT0004],[@CIT0014],[@CIT0015] The role of mentors, whether a faculty member or a peer, is essential for scaffolding the reflection by medical students. A mentor will provide the supportive environment for reflection by facilitating the awareness and making sense of an experience.[@CIT0004]

Studies Devoted to Assessment of Reflective Writing {#S0001-S2003}
---------------------------------------------------

Despite the potential usefulness of reflection in medical practice, there are contradicting findings in the current literature regarding the psychometric properties of instruments for measuring this construct.[@CIT0019],[@CIT0020] Wald et al[@CIT0019] developed an analytic rubric for scoring reflective writing and called it the Reflection Evaluation for Learners' Enhanced Competencies Tool (REFLECT). The rubric consisted of four reflective capacity levels: habitual action, thoughtful action, reflection, and critical reflection. They demonstrated adequate interrater reliability, face validity, feasibility, and acceptability of the rubric.[@CIT0019] However, the rubric was recommended for formative evaluation of students and as a guide for faculty feedback to students. In contrast, another study casted doubt on the reliability of reflective writing scores of undergraduate medical students using the same rubric.[@CIT0020] These authors demonstrated that at least 14 reflective essays assessed by four or five raters were required to achieve acceptable reliability. They also demonstrated a non-significant correlation between reflective writing scores and scores using other assessment measures such as multiple choice questions and Objective Structured Clinical examinations (OSCEs).[@CIT0020]

Against this backdrop, we designed the current study to develop an instrument for evaluation of portfolios with a focus on reflective writing. We also aimed to assess the different sources of evidence that support the construct validity of the study instrument.[@CIT0021] The sources of validity evidence include the content-related evidence, internal structure by measuring the generalizability of scores, and relations to other variables by testing the correlations of reflective writing-based portfolios with written examination scores (divergent validity) and communication skills scores (convergent validity).[@CIT0021] Primarily, the study aims to answer the following research questions: To what extent can we generalize medical students' scores in reflective writing-based portfolio scores across raters and occasions?What is the relationship between students' scores in reflective writing-based portfolios and their scores in written examinations and communication skills?

Methods {#S0002}
=======

Design and Study Setting {#S0002-S2001}
------------------------

We conducted this study at the College of Medicine, Qatar University (CMED-QU). The undergraduate program is of six years duration, divided into three phases: 1) Phase I (one year) is traditional, course-based, 2) Phase 2 (two and half years) is integrated, problem-based, and Phase 3 (two and half years) is hospital-based clinical rotations. During all phases of the program, reflective portfolio is a core-learning tool for medical students. This specific study involved year 2 (n=67) and year 3 (n = 68) medical students during their study in Phase II for the academic years 2018/2019 and 2019/2020. The study has received Research Ethics approval No. QU-IRB 697-E/16 issued by Institutional Review Board, Office of Academic Research, Qatar University.

Students submit their reflective portfolios at the end of each semester. In each portfolio, students are expected to submit three writing entries to demonstrate their ability to describe and reflect on their learning experience related to three of the six curriculum competency domains. The competency domains include 1) patient care and clinical skills, 2) population health, 3) knowledge for practice, 4) interpersonal communication and collaboration, 5) personal development & professionalism, and 6) research. By the end of the second semester, students are required to reflect on the experiences related to the other three competency domains of the program. In addition to their reflection entries, students provided an evidence to support their described experience. Students were not provided with prompts for their reflections, but were rather given the liberty to reflect on their personal experiences. Students received two hours of training about the portfolios during their study of a "Health Professions Education" course. In addition, they attended a supplementary workshop in year 2 on how to use the portfolio as a learning tool and how they are assessed at the CMED program. Before submitting their portfolio for summative assessment, students were strongly encouraged to review their portfolios with their mentors, who provide formative assessment for them. Students were also provided with a supplementary guide describing the purpose and benefits of the portfolio, expected learning outcomes, how to describe and reflect on experiences related to different competency domains of the curriculum, and the assessment instrument.

Development of the Study Instrument {#S0002-S2002}
-----------------------------------

Based on a systematic review of relevant literature, the authors developed the reflective portfolio-scoring rubric. Two rather different scholarly traditions guided the development of the study instrument: 1) the concept of reflection and its role in professional education/development; and 2) the linguistic/rhetorical manifestations of reflection in writing. Schön's[@CIT0007] characterization of "knowing-in-action" comes closer to our conceptualization, especially his distinction between "reflection in practice" and "reflection on practice". The reflective writing portfolio in the context of the medical curriculum falls within the latter but with a future orientation -- although there are bound to be elements of the former during the writing process. The study instrument is based on three main premises: 1) reflection is an iterative process used for learning from revisiting and analyzing a previous experience;[@CIT0022] 2) reflection is triggered by the presence of a complex, unrecognized problem;[@CIT0007],[@CIT0014] and 3) recognition of the boundaries between description of an experience and deeper levels of reflection.[@CIT0019],[@CIT0023] Although the primary aim in developing the instrument was to produce a streamlined template that would assist faculty raters in the assessment process, it was important to bear in mind its comprehensibility and usefulness as far as medical students were concerned in terms of actionable feedback.

The final instrument ([[Appendix 1](https://www.dovepress.com/get_supplementary_file.php?f=256338.docx)]{.ul}) was refined after pilot testing in a training workshop with faculty members at CMED-QU. During the workshop session, participants were introduced to the process of portfolio assessment and reflective writing. Participants (n=18) were then divided into two groups (A and B), and each member of a group was requested to grade two samples of students' portfolio (one each from Years 2 and 3) using the study instrument. Furthermore, faculty were provided with a questionnaire to indicate their degree of agreement, on a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree), with five items related to the instrument. The evaluation items were: 1) the instrument relates to the learning outcomes of the portfolio, 2) assessment criteria are clearly defined and accurate, 3) the descriptors accurately describe each level of performance, 4) the instrument will be useful for providing feedback to students, and 5) language is clear with no ambiguity. Results of the questionnaire indicated 78.8% agreement (strongly agree or agree), 5.9% disagreement (strongly disagree or disagree) and 15.3% were neutral. In addition, faculty members provided qualitative comments for improvement of the instrument. The results of the questionnaire were discussed in the workshop and final refinement of the instrument was done accordingly.

Faculty raters assessed each reflective portfolio along three main criteria: organization and quality of presentation, description of a personal experience and reflection on that experience. Subsequently, assessment of reflection included three main criteria: 1) critical awareness of self and others, 2) experiential knowledge, and 3) ability to identify and manage uncertainty and ambivalence. The assessment of students' writing was based on the above-mentioned rubric with a three-point scale (0, 1 and 2). The total score (out of 10) was distributed mainly on description and reflection of personal experience (8 points) and only allocated a maximum of 2 points on organization and quality of presentation. Faculty raters received training workshops on the assessment of student portfolios with a focus on using the study instrument. The final score for students in the portfolio was the mean of the two raters' scores. The final score of the portfolio represented 10% of the summative scores of the study units.

Data Analysis {#S0002-S2003}
-------------

### Generalizability of Reflective Writing-Based Portfolio Scores {#S0002-S2003-S3001}

We measured the reliability of the reflective writing-based portfolio scores using generalizability theory (G-theory) analysis, which includes both a generalizability study (G-study) and a decision study (D-study). The G-study calculated the variance attributed to the facets of the study (raters and occasions), while the D-study predicts the most favorable mix of raters and occasions that are needed to attain an acceptable reliability. The details of the methods used and the equations have been reported in previous studies.[@CIT0024]--[@CIT0027]

In the G-theory analysis, we selected a fully crossed design because the same raters assessed all students on the three study occasions. In addition, the study facets were considered random because we were interested in generalizing the study findings beyond the present study settings. The G-theory analysis calculates the variances attributed to differences between students, differences between ratings of portfolio assessors (two raters), and differences across occasions (three occasions). Furthermore, it allows the calculation of the variance due to interactions between students' scores, occasions and raters. For the D-study, we calculated the dependability (Φ) coefficient because we were interested in absolute performance of students without comparison to other students' scores in reflective portfolios (criterion-referenced assessment).

We have also analyzed the standard error of measurement (SEM), which is a measure of the spread of the scores for a single student if he/she is tested multiple times. Therefore, it is helpful in determining the degree of precision with which student measurements are made using the instrument in a certain way (ie two raters and three occasions).[@CIT0024]

### Relations Between Reflective Portfolio Scores and Scores in Other Areas of Competence (Criterion-Related Evidence of Validity) {#S0002-S2003-S3002}

The relationships between the students' scores in reflective writing-based portfolios and their scores measured by other assessment tools such as MCQs, communication skills in OSCE, and evaluations of students by PBL tutors were ascertained using the Pearson's Product-moment correlation coefficient. Based on the previous research findings of the link between the reflective writing of medical students and development of communication skills, collaboration and empathy,[@CIT0016],[@CIT0017] we hypothesized that scores in reflective writing-based portfolios correlate with students' scores in communication skills and PBL tutorials (convergent validity), but not with their scores in knowledge-based examinations (divergent validity). Assessment of knowledge is based on MCQs (from 60 to 120 items depending on the unit) of the A-type, mostly with context-rich scenarios.

The faculty facilitators at the end of each system-based unit assessed students' performance in PBL tutorials in phase II of the program after longitudinal exposure with students within a range from 8 to 20 sessions, depending on the length of the unit. Evaluation criteria include items related to professionalism such as accountability (eg being punctual, exhibiting leadership, trying one's best to complete assigned objectives), displaying respect & integrity (ie respecting group members, admitting mistakes, providing and accepting constructive feedback, establishing rapport with the group), and communication (eg expresses opinions well, does not interrupt group discussion, uses proper body language). In addition, students are evaluated on their participation in group dynamics and generation of learning objectives. Each item is assessed based on a scale of 1 (Very poor) to 10 (Excellent) and the total PBL scores represent 10% of the summative end-unit evaluation.

Assessment of communication skills during the OSCE is based on direct observation of performance while communicating with a standardized patient in addition to a Clinical Multimedia-based Exam for Diagnosis and Decision-making (CMEDD). The CMEDD is a computer-based test which includes series of video-recorded encounters in clinical settings where students are asked about an aspect that relates to the clinical encounter.

All the study data were analyzed using IBM SPSS Statistics for Windows Version 26.0 (IBM Corp., Armonk, NY, USA). The G-theory analyses were conducted using the G1.sps program as previously described.[@CIT0028] A p-value of \<0.05 was considered statistically significant.

Results {#S0003}
=======

Generalizability of Reflective Writing-Based Portfolio Scores {#S0003-S2001}
-------------------------------------------------------------

The G-study indicated an acceptable level of reliability (Φ = 0.75) of reflective portfolio scores using 2 raters across 3 occasions ([Table 1](#T0001){ref-type="table"}). The percentage of variance imputed to the object of measurement (students) is 46.6% of total variance. Since this is the highest variance, it indicates that raters were able to discriminate to a large extent between students' quality levels of their reflective portfolios. On the other hand, the estimated variance component for raters accounted for a negligible percentage (0.8%) suggesting that the raters' scores did not vary across students and occasions. However, the interaction between students and raters accounted for 17.7% of the total variance, indicating that the raters' assessments of certain students vary to a significant extent. The facet of occasion contributed a negligible percent of variance (1.9%) to the model, suggesting very low fluctuations in the overall ratings of students from one occasion to the next. Furthermore, the small percentage of variance (5.2%) attributed to the interaction between students and occasions suggests that the scores of students did not change significantly across occasions and there were small changes in rating behavior across occasions. Finally, the interaction among students, raters and occasions represented 27.7% of total variance. This large component represents both the variance imputed to the three-way interaction and the residual variance imputed to facets which are not included in the current study. Finally, the SEM for the study model using two raters and 3 occasions was 0.41 resulting in a confidence interval of ± 0.80.Table 1Generalizability Theory Study (G-Study) Results for the Scores of Medical Students (n=129) in Reflective Portfolios Using Two Raters and Three Measurement OccasionsFacets*df*SSMSVariance ComponentPercent VarianceStudents (s)128.00501.243.920.4946.60%Raters (r)1.004. 174.170.010.80%Occasions (t)2.0011.275.630.021.90%s× r128.00109.250.850.1917.70%s× t256.00102.990.400.065.20%r× t2.000.440.220.000.00%s× r x t256.0074.960.290.2927.70%Φ = 0.75Absolute SEM: 0.41[^1]

Results of the D-Study {#S0003-S2002}
----------------------

[Figure 1](#F0001){ref-type="fig"} illustrates the results of the decision (D) study, which predicted reliability of the instrument by using different combinations of raters and occasions. If we use one rater, even increasing the number of occasions to five achieves a dependability coefficient (Φ) of only 0.66, which is below the acceptable level. Using two raters, however, leads to increasing levels of dependability to an acceptable level (Φ = 0.72) across two occasions and to Φ = 0.75 across three occasions. To achieve a good level of reliability (Φ = 0.80), results demonstrate that we need three raters on three occasions. As illustrated in [Figure 1](#F0001){ref-type="fig"}, the effect of increasing the number of raters on reliability is considerably higher compared with increasing the number of occasions. In fact, adding a fourth, or fifth occasion led to little improvements in the overall dependability.Figure 1Decision study (D-study) for the medical students (n=129) scores in reflective portfolio. The dependability coefficients are the estimated Φ-coefficients of combining different numbers of raters and occasions.

Relations Between Reflective Portfolio Scores and Scores in Other Areas of Competence (Criterion-Related Evidence of Validity) {#S0003-S2003}
------------------------------------------------------------------------------------------------------------------------------

In order to evaluate the criterion-related validity evidence of the instrument, we tested the relationship between the scores of students in reflective portfolios with their scores in written (MCQs) examinations, communication skills in objective structured clinical examinations (OSCE) and PBL tutorials. There were moderate to large positive effect size correlations between the communication skills and PBL scores and reflective portfolio scores (r = 0.47 and 0.50, respectively, P \< 0.01), but with small effect size correlation (r = 0.28) with written MCQ examination.

Discussion {#S0004}
==========

This study demonstrates different sources of evidence that support the construct validity of the study instrument. Content-related evidence is supported by the theory-informed construction of the study instrument, training of faculty raters and pilot testing of the instrument with faculty. The evidence for an acceptable internal structure of the instrument is demonstrated by the G-theory analysis. The study demonstrated that measuring students' portfolio scores when using two raters can achieve acceptable levels of reliability (Φ = 0.72 and 0.75) on two and three occasions, respectively. Finally, the large effect-size correlations between scores in reflective portfolios and scores in both communication skills and PBL tutorials support the evidence of convergent validity (relations to other variables). These findings suggest that the study instrument exhibits acceptable psychometric properties to be used for summative assessment of medical students in reflective portfolios. Other studies, which used G-theory analysis, proved much lower reliability of reflective portfolio scores of medical students.[@CIT0003],[@CIT0019],[@CIT0020],[@CIT0029] The difference in findings could be related to the content of the study instrument, level of training of raters and sample size used. Further studies in other medical programs are warranted to examine the reliability and validity of the study instrument beyond the current study setting.

The 46.6% variance for the subject of measurement indicates that, averaging over raters and occasions, medical students differed systematically in their reflective portfolio scores. This finding suggests an acceptable degree of variability in faculty ratings of student reflective portfolios due to unsystematic sources of error. The large variance attributable to differences among students than other facets of the study could be explained by the training of faculty assessors and their familiarity in using the study instrument. Another study reported a much lower percent of variance (25%) due to year 1 student's performance using an analysis of two portfolios.[@CIT0029] They explained the low variance, and the overall low G-coefficient, due to lack of training of students and assessors.

The study findings indicate that the facet of occasion contributed to only 1.9% of the variance, suggesting very low temporal fluctuations in the raters' scores. In addition, the interaction between students and occasions contributed to 5.2% of variance, suggesting that the students' scores in reflective portfolios did not change considerably across occasions and there were little changes in rating behavior across occasions. Rees et al[@CIT0029] reported a much higher percent of variance (69.2%) due to student--occasion interactions. Finally, the large source of variance (27.7%) reflected by the interactions between students, raters and occasions, suggests that a significant proportion of the variability is caused by facets not included in the study or by a random error. This unexplained error could be due to variance related to the evaluations items or the study setting.

The current findings of the D-study demonstrated that increasing the number of raters from one to two over two occasions resulted in increasing levels of reliability ranging from G=0.58 to 0.72, respectively. Even increasing the number of raters to three can achieve an acceptable level of reliability (Φ = 0.70) on one occasion. This clearly demonstrates that increasing the number of raters has more impact on reliability of reflective portfolio scores than increasing the number of occasions. Because we assess the students' reflective portfolios at the end of the semester (one occasion), using three reflective entries, it will be recommended to use three raters in order to achieve an acceptable reliability in our study context. The requirement for more than two raters to achieve higher reliability may, however, pose practical constraints in terms of human resource utilization.

In the current study, students reflected on the six medical curriculum competency domains. The advantage of this model is addressing one of the main problems previously reported in the literature,[@CIT0030] by offering an educational structure of integration of the portfolios within the curriculum. This model also provides a broader scope of reflection on essential competency domains required for any medical graduate. It provides different and meaningful experiences for reflection by students, which have been reported as key factors for success of the portfolio.[@CIT0003] Furthermore, the students were given the freedom to reflect on personal experience rather than providing them with reflective prompts, which have been previously shown to restrict the ability of the students to engage in reflective writing.[@CIT0031]

Study Limitations and Future Directions {#S0004-S2001}
---------------------------------------

This study has some limitations that warrant reporting. The design of the study was restricted to year 2 and 3 medical students in a problem-based curriculum. Therefore, future studies are needed to test the replication of the study findings in different years of study, in other educational settings such as the clinical environment, and in other cultures. Although the study instrument has proved acceptable psychometric properties, further refinement of the reflection construct is required in future studies. The study instrument focuses on measuring the outcome of reflection, which may not capture important dimensions of this rich construct. Further studies should focus on developing instruments for measuring both the "process" and the "outcome" of reflection. Finally, the effectiveness of mentors on the quality of students' reflective-writing based portfolios requires further investigation.

Conclusions {#S0005}
===========

This study provides an evidence of acceptable reliability and validity of an instrument to be used for summative assessment of students' reflective portfolios in undergraduate medical programs. An acceptable Φ-coefficient value (≥0.7) could be achieved by having two raters scoring students over two occasions or three raters on one occasion. Further studies are warranted to reproduce these findings before utilizing it for summative assessment of students in other medical schools.
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[^1]: **Note:** The proportion of observed variance explained by each facet is calculated by dividing the individual variance component by the total observed variance.

    **Abbreviations:** SS, sum of squares; MS, mean of squares; *df*, degree of freedom; SEM, standard error of measurement.
